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An increase in the proportion of ambiguous base calls in HIV-1 pol population sequences during the course of infection has been
demonstrated in different study populations, and sequence ambiguity thresholds to classify infections as recent or nonrecent
have been suggested. The aim of our study was to evaluate sequence ambiguities as a candidate biomarker for use in an HIV-1
incidence assay using samples from antiretroviral treatment-naive seroconverters with known durations of infection (German
HIV-1 Seroconverter Study). We used 2,203 HIV-1 pol population sequences derived from 1,334 seroconverters to assess the se-
quence ambiguity method (SAM). We then compared the serological incidence BED capture enzyme immunoassay (BED-CEIA)
with the SAM for a subset of 723 samples from 495 seroconverters and evaluated a multianalyte algorithm that includes BED-
CEIA results, SAM results, viral loads, and CD4 cell counts for 453 samples from 325 seroconverters. We observed a significant
increase in the proportion of sequence ambiguities with the duration of infection. A sequence ambiguity threshold of 0.5% best
identified recent infections with 76.7% accuracy. The mean duration of recency was determined to be 208 (95% confidence inter-
val, 196 to 221) days. In the subset analysis, BED-CEIA achieved a significantly higher accuracy than the SAM (84.6 versus 75.5%,
P < 0.001) and results were concordant for 64.2% (464/723) of the samples. Also, the multianalyte algorithm did not show better
accuracy than the BED-CEIA (83.4 versus 84.3%, P � 0.786). In conclusion, the SAM and the multianalyte algorithm including
SAM were inferior to the BED-CEIA, and the proportion of sequence ambiguities is therefore not a preferable biomarker for
HIV-1 incidence testing.

Estimation of the HIV-1 incidence in populations is important
for developing specific prevention strategies. Methods to iden-

tify recently acquired infections are needed for estimation of the
incidence of HIV-1 from cross-sectional surveys. Whether or not
an HIV-1 infection was acquired recently can only be determined
within a short period of approximately 14 weeks after infection by
routine HIV-1 diagnostic methods. Early HIV-1 infection is char-
acterized by an eclipse phase of approximately 10 days before viral
RNA becomes detectable, followed by the orderly appearance of
other laboratory markers until seroconversion is completed, as
indicated by a positive immunoblot assay (1). However, the level
and avidity of HIV-specific antibodies increase during the months
following seroconversion. This allows recent and nonrecent infec-
tions to be distinguished by serology-based HIV-1 incidence as-
says in which the increase in the proportion of HIV-specific anti-
bodies (2), the avidity of HIV-specific antibodies (3, 4), or a
combination of HIV-specific antibody level and avidity (5) is mea-
sured. Unfortunately, samples from individuals infected with
HIV-1 non-B subtypes (6, 7), from elite controllers (8), from in-
dividuals treated with antiretroviral drugs (8, 9), and from indi-
viduals with advanced stages of disease (7, 9) can be misclassified
on the basis of serological criteria because of delayed or reduced
production of HIV-specific antibodies. Nonserological HIV-1 in-
cidence assays (10, 11) and algorithms combining serological and
nonserological biomarkers have therefore been developed (12,
13). HIV-1 diversity is considered to be a candidate nonserological
biomarker, as it increases during the course of infection in anti-
retroviral treatment (ART)-naive individuals. Viral diversity can
be determined by single-genome sequencing (11), next-genera-

tion sequencing (10), and high-resolution melting assays (12), but
direct Sanger population sequencing can also reflect HIV-1 poly-
morphisms via ambiguous base calls (14–16).

The aim of this study was to evaluate ambiguous base calls in
HIV-1 pol population sequences (sequence ambiguities) as a bio-
marker for use in an HIV-1 incidence assay (sequence ambiguity
method, SAM) or as part of a multianalyte algorithm. To achieve
this, we used samples from ART-naive study patients within the
German HIV-1 Seroconverter Study with known durations of in-
fection (17–20).

MATERIALS AND METHODS
Seroconverter study population. The German HIV-1 Seroconverter
Study of the Robert Koch Institute is a long-term, open, prospective,
nationwide, multicenter cohort study of HIV-1-infected patients with
documented dates of infection (17–20). Newly diagnosed HIV-1 serocon-
verters are recruited by clinical centers and private practitioners. The
study was approved (EA 2/105/05) by the ethical committee of the Charité
University Medicine (Berlin, Germany). All study patients sign an in-
formed consent form prior to enrollment. Primary and ideally yearly fol-
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low-up blood samples are collected along with demographic, laboratory,
and clinical data. HIV-1 genotyping is performed at the Robert Koch
Institute on the basis of plasma from ART-naive seroconverters with viral
loads of �1,000 copies/ml in order to monitor trends in transmitted drug
resistance (TDR) and the spread of HIV-1 subtypes.

In this study, we included only seroconverters from whom at least one
viral sequence had been determined and whose test results conformed to
one of the following criteria: (i) detectable HIV-1 RNA or p24 antigen
combined with a negative or indeterminate enzyme-linked immunosor-
bent assay (ELISA) result, (ii) reactive HIV-1 ELISA result combined with
a negative or indeterminate immunoblot result, or (iii) last negative and
first confirmed positive HIV-1 antibody test within a maximum of 365
days. Either the blood sampling date for the first reactive test (i, ii) or the
mean of the blood sampling dates for the last negative and first confirmed
positive HIV-1 antibody tests (iii) was used as the date of infection. The
duration of infection was calculated as the difference between the date of
blood sampling and the date of infection.

As of January 2013, 2,203 HIV-1 pol sequences (1,334 primary, 869
follow-up) derived from 1,334 seroconverters were included in the
analysis. The majority of the study patients were male (1,265/1,334,
94.8%), and the most common (1,164/1,334, 87.3%) risk factor for
transmission was being a man who has sex with men (MSM). The
median age of the study patients at primary blood sampling was 33
years (interquartile range, 27 to 39). Study patients were infected be-
tween 1996 and 2012. A total of 49.8% (1,096/2,203) of the samples
were taken within 182 days after infection, 10.1% (222/2,203) were
taken between 183 and 365 days after infection, 16.3% (359/2,203)
were taken between 366 and 730 days after infection, 10.6% (234/
2,203) were taken between 731 and 1,095 days after infection, 5.9%
(130/2,203) were taken between 1,096 and 1,460 days after infection,
2.9% (65/2,203) were taken between 1,461 and 1,825 days after infec-
tion, and 4.4% (97/2,203) were taken �1,825 days after infection. A
detailed description of the study population is provided in Table 1.

HIV-1 genotyping. HIV-1 from 500 �l plasma stored frozen at �70°C
was pelleted by centrifugation (20,800 � g, 90 min, 4°C), and viral RNA
was isolated with the Viral RNA minikit (Qiagen) according to the man-
ufacturer’s instructions. Reverse transcription (RT) with 75 �l plasma
equivalents and PCR was performed either with the Viroseq HIV-1 Geno-
typing System (Abbott Molecular; n � 1,688) according to the manufac-
turer’s instructions or with a previously described in-house pol RT-PCR
(n � 515) (17, 21). Direct Sanger population sequencing was performed
with the Viroseq HIV-1 Genotyping System (Abbott Molecular; n �
1,688) according to the manufacturer’s instructions or BigDye terminator
cycle sequencing (Life Technologies) with in-house primers as described
previously (n � 515) (17, 21). SeqMan Pro (Lasergene version 10.0.1;
DNASTAR; n � 1,866) or AutoAssembler (version 2.0; Applied Biosys-
tems; n � 337) was used to assemble the sequence contigs. Ambiguous
base calls were identified at a threshold of 20% if the minor peak was three
times as high as the background and evident in at least two differently
primed sequences. The consensus sequence was used to determine TDR
according to the surveillance drug resistance mutation (SDRM) list (22)
and the HIV-1 subtype (REGA HIV Subtyping Tool, version 2.0). If the
viral subtype was not assigned by REGA, distance-based neighbor-joining
phylogeny (Kimura two-parameter model, bootstrapping with 1,000 rep-
licates) of an end-trimmed sequence alignment including the Los Alamos
HIV subtype reference sequences of 2010 (www.hiv.lanl.gov) was per-
formed (PHYLIP version 3.6; Joe Felsenstein). To confirm the HIV-1
sequences of longitudinal samples, the resistance-associated positions ac-
cording to the SDRM list (22) were deleted prior to neighbor-joining
phylogeny. For this study, sequences were trimmed to a length of 1,170
nucleotides spanning amino acids 1 to 99 of the protease and 1 to 291 of
the reverse transcriptase, thus covering all of the positions mediating re-
sistance to protease and reverse transcriptase inhibitors according to the
SDRM list (22). The number and proportion of ambiguous base calls in
each Sanger population sequence were determined with Microsoft Excel
2010 (Microsoft).

Definition of a sequence ambiguity threshold. Sensitivity (classified
as recent among truly recent samples), specificity (classified as nonrecent
among truly nonrecent samples), and accuracy (classified correctly
among all samples) were calculated with a custom Visual Basic for Appli-
cations (VBA) program within Microsoft Excel 2010 (Microsoft). Thresh-
olds for the proportion of sequence ambiguities ranging from 0.1 to 1.5%
in increments of 0.1% were analyzed for durations of infection ranging
from 180 to 540 days in increments of 1 day. The best threshold was
defined as the highest accuracy with sensitivity and specificity both set to
�75.0%.

Serological HIV-1 incidence assay. The Aware BED capture enzyme
immunoassay (BED-CEIA) HIV-1 incidence assay (Calypte Biomedical
Corporation) was performed according to the manufacturer’s instruc-
tions. The results were reported as normalized optical density units (ODn)
with a threshold �0.8 ODn to identify recent infections. A subset of 723
samples from 495 seroconverters was analyzed with the BED-CEIA. Only
samples with durations of infection of �400 days from study patients
whose seroconversion had been documented according to criterion i or ii
described above were included.

Multianalyte algorithm. Viral loads and CD4 cell counts determined
within 7 days of the blood collection dates were available for 453 samples
from 325 seroconverters tested with the BED-CEIA. A multianalyte algo-
rithm that integrates BED-CEIA results, SAM results, viral loads, and CD4
cell counts was developed to analyze these data. With the Excel VBA pro-
gram, the highest accuracy (with sensitivity and specificity both set to
�70.0%) for discriminating recent from nonrecent infections was defined
by comparing 2,069,550 combinations of thresholds for BED-CEIA re-
sults (0.6 to 1.4 ODn, increments of 0.1 ODn), SAM results (0.2 to 1.0%,
increments of 0.1%), viral loads (100 to 5,000 copies/ml, increments of
100 copies/ml), CD4 cell counts (100 to 400 cells/�l, increments of 50
cells/�l), and duration of infection (180 to 540 days, increments of 5
days).

TABLE 1 Characteristics of the study population

Characteristic No. (%) of patients

Gender
Both 1,334 (100.0)
Male 1,265 (94.8)
Female 69 (5.2)

Risk factor for transmission
MSM 1,164 (87.3)
Heterosexual 114 (8.5)
Injection drug user 18 (1.4)
High-prevalence country 7 (0.5)
Occupational exposure 4 (0.3)
Unknown 27 (2.0)

HIV-1 subtype
B 1,212 (90.8)
CRF02_AG 32 (2.4)
C 25 (1.9)
A 23 (1.7)
CRF01_AE 21 (1.6)
Other 21 (1.6)

TDR
Sensitive 1,176 (88.2)
Resistant 158 (11.8)

Origin of study patient
Germany 1,129 (84.6)
Other 205 (15.4)
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Determination of the mean duration of recency and the false re-
cency rate. The mean duration of recency is the average duration of in-
fection for which individuals in a population are classified as recently
infected by an HIV-1 incidence assay (13, 23). In our study, the mean
duration of recency was computed by using an adaption of the method
described by Brookmeyer et al. (13). We defined the function �(t) as the
probability that an individual who has been infected for at most � days is
classified as recent. The probability �(t) was computed by using the em-
pirical cumulative frequency of being classified as recent by the respective
biomarker PR(� � t), i.e., �(t) � 1 � PR(� � t) � PR(� � t). The mean
duration of recency, �, is then given by � � 	�(t)dt, which was computed
by standard integration. In order to account for the uncertainty in the
duration of infection � for samples derived from study patients whose
seroconversion had been documented according to criterion iii described
above, we conducted a multiple imputation by assuming a uniform dis-
tribution of actual infection dates within the interval defined by the last
negative and first confirmed positive HIV-1 antibody tests. Furthermore,
to estimate confidence ranges for � and to account for multiple samples of
the same study patient, we performed bootstrapping with 1,000 replicates
of the data set. Computations were conducted with the statistics toolbox
of MATLAB 8 (MathWorks).

The false recency rate is the proportion of individuals in a population
who have been infected for longer than the duration of a recency cutoff
(
) but classified as recent by an HIV-1 incidence assay (23). For calcula-
tion of the false recency rate, we defined 
 as �540 days.

Statistical analyses. The relationship between the proportion of se-
quence ambiguities and the duration of infection was analyzed by Pearson
correlation and linear regression. Partial Pearson correlation was used to
examine confounding factors. Because the data did not show normal dis-
tribution and multiple samples from 478 seroconverters were included,
95% confidence intervals (CIs) were generated by bootstrapping with
1,000 replicates. The Mann-Whitney U test and the Fisher exact test were
used to compare continuous and categorical variables, respectively. Sta-
tistical analysis was performed with SPSS Statistics 20 (IBM) or GraphPad
QuickCalcs (GraphPad). Two-sided probability values of type I errors (P
values) of �0.05 were considered statistically significant.

Nucleotide sequence accession numbers. The sequences used in this
study (n � 2,203) have been deposited in the GenBank database and
assigned accession numbers KJ769682 to KJ771884.

RESULTS
Correlation between the proportion of sequence ambiguities
and the duration of infection. Using Pearson correlation, we
identified a significant increase in the proportion of sequence am-

biguities as the duration of infection increased (Fig. 1) that was not
affected by the HIV-1 subtype (B versus non-B), TDR (sensitive
versus resistant), risk factor for transmission (MSM versus non-
MSM), gender (male versus female), origin of the study patient
(Germany versus other countries), age, and year of infection (Ta-
ble 2). The inclusion of multiple samples from 478 seroconverters
did not bias the correlation (Pearson coefficient of correlation,
0.54; 95% CI, 0.50 to 0.58; P � 0.001). Linear regression (coeffi-
cient of determination, 0.29; P � 0.001) indicated an overall rate
of 0.2% (95% CI, 0.19 to 0.22%) sequence ambiguities per year of
infection with an intercept point of 0.26% (95% CI, 0.23 to
0.28%) sequence ambiguities.

Identification of recent infections by using a sequence ambi-
guity threshold. A sequence ambiguity threshold of 0.5% was
found to best discriminate recent from nonrecent infections in
our study population with an accuracy of 76.7%. The false recency
rate accounted for 23.3%. The mean duration of recency was com-
puted as 208 (95% CI, 196 to 221) days. Samples classified as
recent were derived from study patients with a significantly
shorter duration of infection than study patients whose samples
were classified as nonrecent (median, 101 days versus 729 days;
P � 0.001). This finding was independent of the HIV-1 subtype
(B, P � 0.001; non-B, P � 0.001), TDR (sensitive, P � 0.001;
resistant, P � 0.001), risk factor for transmission (MSM, P �
0.001; non-MSM, P � 0.001), gender (male, P � 0.001; female,
P � 0.001), and origin of the study patient (Germany, P � 0.001;
other countries, P � 0.001).

Comparison of the BED-CEIA and the SAM. The BED-CEIA
achieved a significantly higher accuracy than the SAM (84.6 versus
75.5%; P � 0.001) in the subset of 723 samples with available
BED-CEIA results. The false recency rate of the BED-CEIA was
significantly lower than that of the SAM (6.6 versus 28.5%; P �
0.001). The mean durations of recency calculated for the BED-
CEIA and the SAM were 98 (95% CI, 76 to 121) days and 236 (95%
CI, 209 to 263) days, respectively. The concordance of BED-CEIA
and SAM results reached 64.2% (464/723) and did not signifi-
cantly differ between subgroups regarding the HIV-1 subtype,
TDR, risk factor for transmission, gender, or origin of the study
patient (Table 3). Of discordant results, 74.5% (193/259) were
caused by classification as recent by the SAM but nonrecent by the
BED-CEIA.

Multianalyte algorithm. Combination of biomarkers was
based on the subset of 453 samples with data for BED-CEIA, viral
loads, and CD4 cell counts. The thresholds for the best classifica-
tion of recent infections with the SAM in combination with viral
loads or CD4 cell counts were a SAM result of �0.3%, a viral load
of �100 copies/ml, and a CD4 cell count of �100 cells/�l. Com-

FIG 1 Mean proportion of sequence ambiguities (solid line) and 95% CI
(dashed lines) stratified by duration of infection.

TABLE 2 Pearson correlations of the proportion of sequence
ambiguities and the duration of infection

Adjustment Coefficient of correlation (95% CI) P value

None 0.54 (0.50–0.58) �0.001
HIV-1 subtype 0.54 (0.50–0.58) �0.001
TDR 0.54 (0.50–0.58) �0.001
Risk factor for transmission 0.54 (0.50–0.58) �0.001
Gender 0.54 (0.50–0.58) �0.001
Origin of study patient 0.54 (0.50–0.58) �0.001
Age 0.54 (0.50–0.58) �0.001
Yr of infection 0.54 (0.50–0.58) �0.001
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bination of the SAM result with the viral load or the CD4 cell
count did not significantly improve accuracy but did improve the
false recency rate (Table 4). The mean duration of recency was
shorter with both combinations than with the SAM alone (Table
4). The thresholds that best identified recent infections through
the combination of the BED-CEIA result with the SAM result, the
viral load, or the CD4 cell count were a BED-CEIA result of �0.8
ODn, a SAM result of �1.0%, a viral load of �300 copies/ml, and
a CD4 cell count of �100/�l. Identical thresholds were deter-
mined for the combination of all four biomarkers (multianalyte
algorithm). Neither combination of the BED-CEIA result with the
SAM result, the viral load, or the CD4 cell count nor the multi-
analyte algorithm achieved significantly higher accuracy or a
lower false recency rate than the BED-CEIA alone (Table 4). All
biomarker combinations exhibited shorter mean durations of re-
cency than the BED-CEIA (Table 4). Compared to the �(t) of the
BED-CEIA or the multianalyte algorithm, the decay of �(t) of the
SAM was much slower in the infection duration range of 50 to 500
days (Fig. 2), indicating that fewer samples within this interval
were classified as recent and that the individual durations of re-
cency were more broadly distributed.

DISCUSSION

In this study, we evaluated ambiguous base calls in HIV-1 pol
population sequences as a candidate biomarker for use in an
HIV-1 incidence assay or as part of a multianalyte algorithm. By
using a large sample set derived from ART-naive study patients of
the German HIV-1 Seroconverter Study that have well-docu-
mented dates of infection, it was possible to confirm previous
reports based on study populations from Switzerland (14), Can-
ada (15), and Sweden (16).

The concordance between the SAM and the BED-CEIA
reached 64.2%, which is in agreement with the analysis by Ragon-
net-Cronin et al. (15), which yielded a 67.1% concordance be-
tween their “mixed base classifier” and the BED-CEIA. The dis-
cordance between the SAM and the BED-CEIA was caused mainly
by a recent result with the SAM and a nonrecent result with the
BED-CEIA, which is also in agreement with the related study (15).
Referring to previously published data (2, 24, 25) and our subset
analyses, the BED-CEIA yields significantly higher accuracy and a
lower false recency rate than the SAM and the multianalyte algo-
rithm that includes the SAM. Moreover, with the SAM, the
probability of a sample being classified as recent showed a broad
distribution over the duration of infection. This considerably re-
duces the utility of the proportion of sequence ambiguities as a
biomarker for use in an HIV-1 incidence assay. Nevertheless, it

TABLE 3 Concordance of the SAM and the BED-CEIA in subgroups

Subgroup
% Concordance
(no. of samples concordant/total) P value

Subtype
B 64.0 (406/634)
Non-B 65.2 (58/89) 0.906

TDR
Sensitive 64.0 (405/633)
Resistant 65.6 (59/90) 0.815

Risk
MSM 64.2 (396/617)
Non-MSM 64.2 (68/106) 1.000

Gender
Male 63.8 (434/680)
Female 69.8 (30/43) 0.513

Origin of study patient
Germany 63.8 (383/600)
Other 65.9 (81/123) 0.757

TABLE 4 Accuracy, false recency rate, and mean duration of recency for different biomarker combinations

Assay(s) % Accuracy P valuea

False recency
rate (%) P valuea

Mean duration of recency
in days (95% CI)

SAM 75.5 R 28.2 R 243 (210–277)
SAM � viral load 78.1 0.387 13.2 0.001 169 (137–200)
SAM � CD4 cell count 77.5 0.531 13.8 0.002 173 (141–205)

BED-CEIA 84.3 R 6.3 R 94 (63–124)
BED-CEIA � SAM 83.0 0.653 5.2 0.819 85 (57–112)
BED-CEIA � viral load 85.0 0.854 5.2 0.819 80 (53–106)
BED-CEIA � CD4 cell count 84.1 1.000 6.3 1.000 93 (62–123)
Multianalyte algorithm 83.4 0.786 4.0 0.469 69 (46–91)
a Compared to respective referent (R).

FIG 2 Probability of being classified as recent by duration of infection for the
SAM (solid line), the BED-CEIA (long-dashed line), and the multianalyte
algorithm (short-dashed line).
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should be noted that our data set, comprising a high proportion of
recent samples of HIV-1 subtype B, was highly suitable for testing
with the BED-CEIA. In populations with predominantly nonre-
cent or HIV-1 non-B subtype infections, less accurate results with
the BED-CEIA have been reported (26, 27).

In line with the analysis by Kouyos et al. (14), we detected a
significant increase in the proportion of sequence ambiguities as
the duration of infection increased, giving an overall sequence
ambiguity rate of 0.2% (95% CI, 0.19 to 0.22%) per year. In the
previous studies, sequence ambiguity thresholds of 0.45% (15),
0.47% (16), and 0.5% (14) were described to best identify infec-
tions acquired within �155 days (15) or �365 days (14, 16) with
accuracies of 79.9% (15), 79.7% (16), and 70.9% (14). Our anal-
ysis is in accordance with these reports, yielding a sequence ambi-
guity threshold of 0.5%, a mean duration of recency of 208 days,
and an accuracy of 76.7%. The slightly different study outcomes
may be attributed to the following issues.

First, technical differences between the studies exist. The de-
tection limit of ambiguous base calls depends on the plasma virus
load and the method of HIV-1 genotyping, including RNA extrac-
tion, cDNA synthesis, PCR, sequencing, and sequence analysis.
For example, primer mismatches, which may especially occur
among different HIV-1 subtypes, can introduce a bias to specific
virus variants. Because of the retrospective nature of our analysis,
two different PCR systems, sequencing systems, and software
packages to call ambiguous bases were used over time, which is an
inherent technical limitation of the SAM. However, the method-
ological diversity in our study was still lower than in related studies
(14–16). Since Ragonnet-Cronin et al. (15) demonstrated that dif-
ferences in ambiguous base calling were at least negligible in the
commonly used threshold range of 15 to 25%, we consider the
sequencing software to have only a minor influence on the overall
frequency of ambiguous base calling. Second, durations of infec-
tion were assessed in different ways. Our analysis involved samples
of seroconverters with well-documented dates of infection and
therefore reliably calculated durations of infection for each blood
sampling date. On the contrary, approaches used to determine the
duration of infection in previous studies have been less precise
(14, 16). Third, the size and composition of the study panels, as far
as documented, differed between the studies. The analysis of An-
dersson et al. included 57% HIV-1 non-B subtypes (16), whereas
our analysis, as well as related studies, focused mainly (14) or only
on HIV-1 subtype B (15). However, we found that the HIV-1
subtype did not affect the SAM, which is in agreement with the
two related studies evaluating HIV-1 non-B subtypes (14, 16). In
comparison with previous studies (14, 16), our study panel com-
prised more recent than nonrecent infections and more samples
derived from MSM. Recent infections with multiple virus variants
exhibit a higher viral diversity than those founded by a single virus
variant and will therefore be misclassified as nonrecent. Further-
more, transmission of multiple virus variants is more frequently
observed in injection drug users (IDU) and MSM than in hetero-
sexuals (28, 29). Indeed, we detected a proportion of sequence
ambiguities higher than 0.5% in 17.7% of the samples collected
within 30 days of infection. Nevertheless, potential transmissions
of multiple virus variants in recent infections were also noticed in
previous studies (14, 16). Finally, Kouyos et al. (14) found an
overall higher proportion of sequence ambiguities in samples de-
rived from IDU, which was not observed in our analysis or in
related studies (15, 16).

Altogether, the remarkable concordance of the yearly increase
in sequence ambiguities (15) and the suggested sequence ambigu-
ity thresholds (15–17) argues against a major impact of technical
differences and major inaccuracies in the determination of the
durations of infection. Instead, the diverse compositions of the
four study panels most likely account for the slightly different
accuracies and mean durations of recency determined in the four
analyses. This underscores the need to adjust the mean duration of
recency and the false recency rate for any biomarker-based esti-
mation of HIV-1 incidence to the population being investigated
(6, 23). We consider it important to also determine the accuracy of
HIV-1 incidence assays since the accuracy provides information as
to whether both the false recency and false nonrecency rates will
impact the estimation of HIV-1 incidence. This information is
particularly crucial in populations with a low HIV-1 prevalence. A
uniform sequence ambiguity threshold to identify recent infec-
tions could be reasonably reduced to one decimal place since our
analysis (data not shown) and a previous analysis (16) found that
this has a negligible impact on accuracy.

One limitation common to our analysis and others (14–16) is
that only samples from ART-naive individuals can be analyzed
because ART impacts viral diversity by selecting for replicating
virus variants. Obviously, it is not possible to derive a viral se-
quence from plasma if virus replication is successfully suppressed
by ART. This selection inevitably introduces a bias to individuals
with slower disease progression. Furthermore, similar to other
studies evaluating sequence-based methods (14–16), we used the
same data set to define the sequence ambiguity threshold and to
determine the accuracy of the SAM. As this could result in an
overestimation of accuracy, it would be preferable for training and
validation to be performed with two different study populations.
Alternatively, randomized splitting of a single study population
into two for training and validation could be performed. How-
ever, this was precluded by the unequal proportions of recent and
nonrecent infections in our data set.

In summary, in our population level analysis, the proportion of
sequence ambiguities increased with the duration of infection and
a proportion of sequence ambiguities larger than 0.5% indicated
nonrecent or multiple virus variant infections in our study popu-
lation, corroborating previous reports (14–16). However, the
SAM achieved a lower accuracy than serological HIV-1 incidence
assays (2, 3, 24, 25) and demonstrated an inconveniently broad
distribution of individual durations of recency. Moreover, the
SAM would not be cost-effective if HIV-1 genotyping was per-
formed solely for cross-sectional surveys to estimate HIV-1 inci-
dence. In conclusion, compared to HIV-1 incidence assays using
more sensitive methods to determine HIV-1 diversity (10–12), the
SAM is not preferable for HIV-1 incidence studies whether alone
or as part of a multianalyte algorithm.
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